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“TO THe 
Rae ee 


THe improvement of wheel-carriages 
having lately much engaged the public | 
attention, it became the duty of one 
who makes their conftrution a princi- 
pal part of his profeflion, to. take it 
more particularly under confideration. 


With this view I attended the experi- 
ments made laft year, by order of the 
Society for the encouragement of. arts, 
manufactures, and commerce, in the 

| a Strand, 


un To the,-RE A-D_E R. 


Strand. The fummer vacation inter- 
rupting thofe experiments before any 
fatisfactory conclufions could be drawn 
from them, I was reduced to the necef- 
fity of profecuting my enquiries, by 
making fome experiments mylelf. 


A number of very perplexing ones, 
and the refult of others as sperfeGly 
fimple, gave rife to the following Obfer- 
vations: the publication of which is 
rather intended to make them generally 
known, in order that they may be con- 
firmed or refuted by the experience of 
others, than to gratify any vanity I 
may be fuppofed to entertain in ap- 
pearing as an author. 


That 


To the*R*E*A’D°SR Ri - ii 


That I have been enabled indeed to 
acquit myfelf with any degree of pro- 
pricty as a writer, is owing to the 
friendly affiftance and diftinguifhed abi- 
lies of Dr. KENRICK; to whom [| 
think it incumbent on me, therefore, to 
make my acknowledgments on this oc, 


cafion. 
JOSEPH JACOB, 
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OBSERVATIONS 


ON THE 


STRUCTURE ann DRAUGHT 


O F 


WHEEL-CARRIAGES. 


PAR YT 82.5 T. 


ON THE DRAUGHT OF CARRIAGES IN GENERAL. 


E REPARATORY to the confideration of the ftru@ure 
and draught of wheel-carriages in particular, it is 
neceflary to enter into fome illuftration of the prin- 
ciples of the draught of carriages in general; the mot 
obvious method of acquiring the true knowledge of the 
Operation of compound and complicated machines, being, 
to proceed gradually from that of the moft uniform and 
fimple, to the more multiform and complex. 


B SECTION 


Bed 


eet tO NI. 


Of the nature and economy of draught. 


DRAUGHT in general may be defined, as the gene- 
ration and continuation of local * motion in a body at 
reft by another body, at firft equally deftitute of motion ;. 
the motion given to a body in traction not being commu- 
nicated, as in percuffion. by another body already in mo- 


tion. 


Huycens, Dr. Wallis, and many others, have treated 
diffufely of the communication of motion from body to 
body by percuffion ; and have fufficiently fhewn, that the 
velocity to be thus communicated to a body at reft will 
always be in proportion to the difference between the mo-. 
mentum of the moving body and the vis inertiz, or dead: 
weight, of the body moved. Forno body can communi- 
cate to another a greater quantity of motion than it has in. 
itfelf; and, as the quantity of motion. in: every body is. 

com-=- 


* I fay local motion, in.order to diftinguifh. between the motion of the parts of. 
a body and that of the whole. Thus.a wheel may revolve round its axis without; 
having any local motion, as it really does when the axis is at reft: the local motion, 


of, the whole wheel:depending on the rectilinear motion of its centres 
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compounded or made up of its weight and velocity, ‘It is 
plain, that, be the velocity of a very little body ever fo 
great, it will communicate to a body much heavier but a 
proportionably {mall degree of velocity. 


t 
) a. > 


Ir is a famous remark, that the leg of a fly, in its alight- 
ing on the furface of the earth, moves the whole globe ; 
although the prodigious difproportion, between the momen- 
tum of the body in motion and the weight of that at reft, 
renders the velocity of fuch motion proportionably little ; 
and tho’ nothing be more certain than that, if the earth were 
a perfect folid body, the fly would in that cafe give all its 
motion to the earth, as the fly remains relatively at rett 
after the percuffion. — 


_ In the mere communication of motion, however, the mo- 
mentum, or quantity, of it being definite and determined, the 


velocity of the moving bodies, both before and after percuf- 


fion, will be the fame ; and mutt be definite and determinate 


alfo. o4 


In the generation of motion by draught, the cafe is others. 


wife: for, though the velocity with which motion is gene- 
rated ina body at reft, will be proportional to the difference 
between its owm vis inertie or weiglit and that of the body 
generating the motion, yet, however flowly this motion be 

generated, 


ea at | 


generated, its velocity will conftantly increafe by accelera- 
tion, fo long as the body moved continues to be acted on 


by the generating power. 


A and B, (Figure 1, Plate 1.) are two balls of 
equal weight. A, lying at reft,. is {truck upon by B, in 
the direction B, C ;—after the percuffion, if the bodies be. 
elaftic, B will remain at reft, and A will proceed with the 
former velocity of B, and:in the fame direction ; B having 
communicated its whole quantity of motion tv A. On the 
other hand, if they are non-elaftic, A and B will, after 
percuffion, both proceed together with Aa/f that velocity as 
in Fig. 2; B having communicated to A but 4a/f its mo- 
tion; the momentum of which is divided between them. 
With this velocity, fhould they meet with no refiftance, 
would they both proceed.in the fame direction ad infinitum. 
Such is the cafe in the communication of motion between a 
moving body and a body at reft. In its generation between. 
two bodies, both of which are at reft, itis different. There 
are but two powers in nature, by means of which bodies. 
at reft are putin motion. Thefe are elafticity and gravity. 
A bent fpring, or incumbent weight, though both at reft, 
while reftrained or fupported, will not only begin to move, 
by unbending or defcending, when their reftraint or fup- 
port is taken away; but, in proportion to their elaftic 
force or gravitating power, will give motion alfo to any 

other. 


Fea 


other moveable bodies, partially impeding that motion in 
the diretion of their compreflion or gravity; the motion, 
generated by the dilatation of the {pring, or the defcent of 
the weight, being an accelerated motion, whofe velocity 
will be increafed in proportion to the degree of fuch dila- 
tation or the time of fuch defcent: and thefe will always 
be proportional to the difference between the moving force 
and the momentum of the body moved. | This is not 
eafily experimented in the dilatation of fprings, becaufe 
their dilatation is generally too limited and confined both as 
to fpace and time: but in the defcent of weights it is 
moft palpably evident. 


A (Fig. 3.) is a weight fufpended by the running line i, i, 
over the pully P, and attached by the fame line to another 
weight or heavy Body B, refting on an horizontal plane C, 
D. While A is fupported, or B is forceably prevented 
from liding or rolling along the plane C, D; both A andB 
remain at reft: but the fupport of A being taken away, 
and B left at liberty to move, the force of gravity gene- 
rates motion in A, and of neceflity in B; to which A is 
infeparably attached by the running line. Now it is well 
known that the motion of bodies defcending by their own. 
weight is conftantly accelcrated: and, though it be true 
that in this cafe the velocity with which the motion is gene- 
rated in A is lefs than it would haye been, if A were not 

attached 


ae Tae 


attached toB™, yet it will continue to increafe in velocity 
as itdefcends: fo that, though A will not in the /ame time 
acquire the fame velocity as if, being detached from B, 
it had begun to defcend fafter, it will in time arrive at any 
degree of velocity, how great foever, provided it meets. 
with no refiftance, and A continues to defcend. Hence it 
is plain that the fmalleft weight whatever, fufpended at A, 
might in-time generate a motion of prodigious velocity in 
B.; even though B were prodigioufly heavy, and A extremely 
light. And hence alfo it is plain that the velocity, given 
to B by the defcent of A, will always be in proportion to 
the length or time of that defcent. 


Ir is by this method of fufpending a weight perpendi- 
cularly over a pully, that the force required to draw carria- 
ges along horizontal and inclined planes, is generally efti- 
mated. And indeedit is a very good one; fince the animal 
powers, by which their draught is ufually effected, may 
well be compared to a weight and pully, moved forward in 
the fame direction, and with the fame velocity, as the car- 
riage itfelf; by which means the fufpended weight keeps 

| conftantly. 


* It is true indeed that the acceleration of falling bodies does not depend on their 
abfolute gravity ; a. light body of the fame {pecific gravity: defcending:in the fame 
time as a heavy one; but in this cafe A is the only defcending body, which being 
attached to B, it cannot begin to move with the velocity it would have if, detached. 


from it ; it will yet increafe in proportion to the time of its defcent. 


deg). 
conftantly acting on the carriage with the whole force of 
its gravity, though it never actually defcends. The truth 
is, this 3 is not ftrictly the fact; becaufe in the animal the 
powers of elafticity and gravity are united ; as will be more 
particularly fhewn hereafter *. 


Ir may fuffice our prefent. purpofe to obferve, that the 
exertion of both thofe powers, being limited by the fize, 
weight and ftructure of the animal, the maximum, or 
greateft velocity to which it can bring the motion of the 
carriage on a horizontal plane, can never be greater than 
that of its own pace, or conftant local motion. As this 
pace is again limited by the ftructure, weight, and mufcular 
elafticity or agility of the animal, the velocity of the car- 
riage will always be determined by the velocity with which 
the animal is capable of ating conftantly againft the ob- 
ftacles or impediments to-the motion once given the carriage. 


Ir is in firft producing this motion that the animal’s 
centre of gravity is lifted higheft, and the greateft force of 
its mufcular elafticity exerted. The mere continuation of 
this motion requires much lefs exertion of power; as, 
upon horizontal planes, the moving power is required only 
to be fomewhat greater than the refiftance which the car- 

riage. 


* See Part 2, fect..7, 
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riage meets with from friction and other adventitious ob- 
{tacles. 


In continuing this motion of the carriage up inclined 
planes a much greater force is requifite; as the carriage 
lofes its fupport, in proportion to the elevation of the 
plane; and, of confequence, the load muft not only be 
drawn forward, but lifted by the moving power. 


HENcE it is to be obferved, in the cafe of animal draught, 
that there are two principal objects of confideration ; the 
firft is, that of affording the moving power its greateft ad- 
vantage, in giving motion te the carriage when at reft; 
which is done by placing the animal in a fituation to effe@ 
a momentary exertion of his greateft-mufcular force: the 
fecond is the facilitating the continuation of that motion 
when given, fo that the conftant exertion of the mufcular 
force of the animal fhall be as little as poffible. 


Tue firft obje& of confideration has induced many to 
give the line of traction an obliquity ; by which means the 
animal next the carriage is kept conftantly in the fituation of 
lifting, as well as drawing. ‘Indeed Dr. Wallis and others 
have obferved that, in the paflage of wheel-carriages over 
rough uneven furfaces, the oblique line of traétion has confi- 

derable advantages, efpecially if the wheels themfelves be 
| | fmall., 


[ong i] 


{all. But it is to be noticed that, though the obliquity 
of the line of traction enables a horfe to exert a greater muf- 
cular force, this exertion cannot be kept up for any time 
without a proportional fatigue to the animal; who in this 
cafe acts to the fame difadvantage, as if, with | a parallel] 
line of traction, it were drawing the carriage up a hill; 

whofe declivity fhould be sr to the obliquity of fuch 


line. 


In giving this advantage to the moving power, therefore, 
by fuch means, the firft objet of confideration counteracts 
the fecond, which is that of -facilitating the motion once 
given a carriage, and fatiguing the animal as little as pof- 
fible in the continuation of it. 


As to the fecond object, viz. the facilitating of the con- 
tinuation of the motion once generated in the carriage, the 
methods purfued by the different machinifts are not only 
various, but oppofite and contradi€tory ; as in the cafe.of 
high andlow wheels; both of which have their re{pective 
advocates, and both with like appearance of reafon. How 
far it be really fo, I {hall endeavour to explain in the cpugle 


of the prefent treatife. 


From the foregoing confiderations, draught may be 
more particularly defined as the giving motion to a carriage at 


ret, and the preferving the velocity of that motion. 
C SECTION 


f oro FF 


SECTION Ii. 


Of the means of giving motion to’ a carriage at refi. 


. BY a carriage IT mean the mere implement or machine,. 
made nfe of to fupport or contain the load or weight. to: 
be drawn. 


As this carriage is alf6 itfelf to be drawn with the load, . 
“its weight of courfe is added to that of-theload; and there-- 
fore the weight of every carriage fhould be as little as pof-- 
fible confiftent with its requifite ftrength. . 


Tue moft fimple of all carriages, and that which requires : 
the greateft force in the moving power-to draw it, is a flat: 
fledge ; which, fliding along the fupporting plane, requires . 
Gif fuch plane be fmooth as. the furface of planifhed iron, 
brafs, or hard wood) a force nearly equal to a third part of. 
its own weight, to give. it motion along fuch plane. 


I wAvE already obferved that. the {malleft weight, hang-. 
ing over a pully, and affixed to.a body refting on a perfectly 
{mooth horizontal: plane, would generate motion in fuch 

| body. 


iene dl me tention a a ele ee oe oe ee eee 


- 


‘ b ans 
a AY 


? 


z > 
— = 
ps wl 


o é 
> 
an, 


Y ee A 


‘body with a velocity proportional to their difference of 


weight. But if that body be laid ona flat fledge of brafs, 
wood or iron, refting on a furface of fimilar materials, or 
thofe of equal afperity, it will, I fay, require a force nearly 
equal to a third of the weight of fuch body, to generate 
motion, or to draw the cartilage along the plane with any 
velocity at all. 


' 
man 
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Tuis impediment to the generation of motion in the — 


carriage is called friftion, and is ufually accounted for by 
fuppofing that the furfaces of no bodies are perfectly {mooth, 
however elaborately polifhed; but that after giving the 
plane the higheft polith the texture of the body will admit 
of, there ftill remain very confiderable, though impalpable, 
inequalities on the furface: fo that when two fuch furfaces 
are in contact, and preffed together by any force, it requires 
nearly a third of that force, acting at right angles to the 
direGtion of the compreffure, to make them JP or flide, 
one over the other. one 


~. wm 
~ -~ 


Now, if the planesbe placed in an hotizanén pofition, 
the weight of the uppermoft is this compreffing force ; and, 
though the fuppofed inequalities or roughnefs of the furface 
be impalpable to the naked eye, the fuppofition appears ne- 
verthelefs to be well founded; for, were there no fuch 
inequalities, there would be no caufe whatever to prevent 

C 2 | the 


ee 


EF 33 J 
the upper plane, follicitéd by any weight hanging over a 
pully by a running line, from fliding along or over the fur« 
face of the under. 


To make this apparent to the eye, let A BD (plate 3. fig. t.) 
reprefemt the fixed plane; C D the fledge, attached by a 
running line over the pully P to the weight W; and L the | 
load, refting on the earriage.. 


Now fuppofing the contiguous furfaces of A B and C D 
to be perfectly fmooth, (as no roughnefs appears) the 
{malleft weight, as I have obferved, at W, will put the 


carriage in motion. 


But thisis not the real flate of the cafe; for we find,. 
by undoubted experiment, that the weight W is required to: 
be a third of the weight of L, to put the carriage in motion.. 


_ InstTEap of reprefenting the furfaces of the two planes. 

therefore perfectly fmooth, let them be reprefented with: 
their fuppofed prominencies or inequalities, indented as in. 
| fig. 2. plate 2. conformably to the appearance of the feCtions. 
of fuch planes, feen through a microfcope.. 


Ir is evident to fight, that the two planes being thus. 


locked, as it. were, together, by their mutual indentions,, 
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the weight at the end of the running line muft be fuffi- 
cient to raife the carriage up the inclined planes of fiich in=” 
dentions, before it can move. For fuppofing, as above 
obferved, that the furfaces have already taken the highett 
degree of polith the texture of their fubftance is capable of,” 
it cannot be by reducing the prominences, or rendering the 
furface {till more fmooth, that fuch motion is effected.The 
violent fri€tion of highly polithed. planes forcibly preffed, 
together, inftead of increafing their polith,..renders them 
more rough ; tearing the bodies themfelves to pieces, or 
fetting them on fire. There is required, therefore, a power 
fufficient to lift the carriage with its load over the promi- 
nences of the furface, to give it motion; which power, it is 
plain, muit increafe in proportion to the incumbent.weight 
of the carriage and its load. ‘Fhis will be confirmed™ hy 
putting the running line and: pully out of the queftion, and 
giving the planes an obliquity to_the horizon, by Daveldans/ 
one end of them till the upper plane of the prominences be 
parallel to the horizon, as. in fig. 4. plate 3%. where 
E F reprefents the horizontal ine, and G Fi t the inclina- 


tion of the planes. a 
he 


* 
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In this cafe the carriage will of itfelf defeat, or ce put 
in motion downwards with the fmalleft force, far ant a 
perpendicular mpposts. its own. relative gravity generating. C 

eR Reena renrore resent sieeh tal alia a 


Thee] 
‘motion with a velocity proportional to the obliquity of the 
inclined plane. 


Ir is apparent from thefe -reprefentations, that we are to 
regard all furfaces as rafps, or athe: fnglc-cut files, whofe 
teeth are lifted over one another, rubbing againft each 
other’s inclined furfaces, as the furfaces of the two files 
appear to flide.or rub horizontally one againft the other. 


Tue ratio of the proportion alfo, which in this cafe the 
-weight or moving power appears to bear to.the load or weight 
to be drawn, determines the angle which (in wood, brafs, 
iron, and the materials generally ufed in carriages) the ele- 
vation of -the tecth defcribes with the general plane of the 
furface. For it is clear that if, inftead of forming triangles, 
‘as in the above-mentioned diagrams, the fections of the 
teeth were parallelograms, ftanding perpendicular to fuch 
plane, as in fig. 2. plate 3. no weight whatever, hung 
over the -pully and drawing at right angles to the 
elevation of the teeth, could draw the carriage and load 
along, or make the plane C D flide over that of 
A B, without breaking the teeth of one or other: and 
this, by admiffion, is not to be farther done. Now we 
find by experiment that about a third of the weight 


of L, placed at W, is fufficient fo to draw it along. We find 
alfo 
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alfo by experiment, that, if we give the planes an obliquity. 


of about 20 degrees to the horizon, the carriage and load 
‘will be put in motion downwards, by their own gravity. 


Hence it is plain, that the elevation of fuch teeth, or the 
e : ‘ 4 .\ AYR ; 
inclination of their fides to the general furface af the plane, . 


an be greater than to form the angle juft mentioned.. 
cannot gre Att FO TOPS angie juliet mentic 
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the reafon why that refiftance increafes in a direé propor= 
tion to the weight.. We are led hence alfo to the reafon 
why an obliquity in the line of traétion is of advantage in. 


draught ; as by lifting the teeth of the carriage out of thofe 
of the plane upon which it moves, the inclined planes of 
fuch teeth are lefs preffed together in rafion or fliding over 
each other.. For their parallelifm being difturbed by fuch 
obliquity in the line of traétion,. the upper ones do not 
touch the under with their whole fultfaces, as they do when 


the planes are parallel; but by one’s being li _up,at one 
end, its teeth will pafs more eafily over thofe of the under,. 


A, 


as is evident by comparin fige1. plate 4, >reprefenti 1g the . 
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teeth, when both ISGINA Sin SerbbanvForon, 
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oblique one, 
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App to this, that a confiderable part. of the weight of 
the load is thus taken off the plane along which itis drawn, 
and transferred, in the cafe of the weight and pully, to 
the pinion fupporting the pully; and in animal draught, 
to the back of the animal; fo that the friction between the 
two planes is of courfe diminifhed, with the preffure of the 
ancumbent weight of the upper one, 


SECTION 


SECTION Mi, 
Of the continuation of the motion once given to carriages, 


WITH regard to the prefervation of the motion once 
given a carriage, ufually effected by animal draught, it 
is to be remarked, as before obferved, that the animal 
{fupplies the place both of the weight and pully; drawing 
the carriage along, partly by 1 .eans of the weight of its 
body, and partly by the elaftic force of its mufcles ; its 
centre of gravity rifing and falling alternately, as it proceeds 
in the rectilinear direction of the motion of the carriage ; 
fuch centre being reiterately raifed up, and at the fame time 
pufhed forward, by tthe dilatation of its mufcles, acting 
againft the ground in one direction, and againft fuch centre 
of gravity in an oppofite direction. For.the animal always 
acts obliquely againft the ground, in whatever direction be 
the line of traction in which it draws the carriage, 


As the natural compreffion of its mutcles, however, 
when it ftands ftill and the line of traction is parallel to 
the plane on which it moves, is proportional only to the 


incumbent weight of its limbs, its power of draught may 
D be 


[ 18 ] 


be increafed by artificially increafing the compreffion, and 
confequently the elaftic force, of its mufcles; which may 
be done either by laying a weight on its back, or giving the: 
line of tration an obliquity to the horizon. 


To do the former, unlefs with a view to an extraordinary: 
and momentary exertion of power, would be to fatigue the 
animal to no purpofe, by making it conftantly carry what it 
could more eafily draw.. 


In the latter cafe alfo, as the perpendicular preffure,,. 
taken off the plane by the line of traction, is transferred to 
the animal, itis of courfe the more fatigued by fuch line of 
draught ; notwithftanding it is thence enabled'to exert itfelf 
the more forcibly. It is indeed for this very reafon that it 
is by fo much the more fatigued, as, being conftantly 
obliged to fupport part of the weight of the carriage, or, 
which is the fame thing, to contract its mufcles with a 
-defign to lift it, its mufcles are thence the more comprefied, 
and though they therefore act with greater elaftic force, the 
animal is always fatigued in proportion as its mufcles act 
under fuch compreffion. If this be doubted, let a man 
keep conftantly pufhing againft an immoveable obttacle,. 
while another makes repeated: pufhes againft a moveable one, 
| rolling or fliding before him; the former will be equally fa- 
| tigued, if he puth with the fame force; though he ftand ftill, 


as. 


L 9 | 
as the other who follows the obftacle as he pufhes it before 
him.—It is a common experiment for a man to hold his 
arm extended in an horizontal pofition, to try how long he 
can fupport the contraction and play of the mufcles necef- 
fary to continue that pofture; and the exertion of force, 
with the fatigue attending it, is very perceptible. But if 
he ftoop down, and thence contrac the feveral mufcles of 
his body as much as is neceffary to enable him to lift two 
weights, one in each hand, perpendicularly from the ground ; 
if thofe weights be any thing confiderable, he muft ftoop f9 
lew, and contract his mufcles fo much, that he cannot cons 
~ tinue in that pofture any length of time, without being tors 
tured by the fatigue. Hence the oblique line of tration, 
though of ufe to put carriages at reft into motion, is, as 
before obferved, very improper for the mere continuation 
of that motion, when its velocity is once arrived at its 
required maximum ; in which cafe the animal fhould con- 
tinue to move with the leaft poflible contraction or com- 


preflion of its mufcles, 
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PART SEGON DTD, 


OF THE sTRUCTURE AND DRAUGHT OF WHEFI@- 
CARRIAGES IN. PARTICULAR.. 


THE uf of wheels, in the draught‘of carriages, is twos 
fold; firft, that of diminifhing (as: it is popularly and. 
improperly called, but, properly {peaking, the more eafily: 
overcoming) the refiftance, arifing from the fri@tion of the: 
carriage ;. and fecondly the more readily furmounting fuch. 
adventitious- obftacles as, being attached to or preffed 
againft the plane over which it is drawn, form very angu-- 
far prominences ; which muft be either depreffed by the 
weight of the carriage, or require. that. the carriage, . with: 
its load, be lifted over them.. 


Ir is for want of properly difcriminating between. thefe- 
wo purpofes, to be anfwered by the ufe of wheels, that 
the contending advocates for high and low-wheeled carriages 

appear. 


{22 ] 

appear both to have reafon on their fide. For, though it be 
certain that high wheels have greatly the advantage of low 
ones, in overcoming friction; they have not fuch great ad- 
vantage as they are fuppofed to have, particularly on in- 
clined planes, and in furmounting prominent obftacles ; 
when thofe obftacles are indepreffible and the carriage is 
to be lifted over them.———But of this more particularly 
hereafter. | Bs i 
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OF the ufe of wheels in: obviating the friction of carriages. 


THE firft and moft obvious ufe of wheels is to overcome 
friction, by transferring the rafion, or rubbing, from the 
under furface of the carriage and the plane fupporting it, to 
the furfaces’ of the axle and the nave of the wheel ; the 
nave rolling under the axle fomewhat in. the fame manner 
-as the wheel rolls over the fupporting plane. | 


Bur, though a rolling body may be much more eafily 
drawn oyer the fame furface than a fliding one, its fri@ion 
is not annihilated or diminithed, but its effects only, or the 
refiftance it makes to draught, more eafily overcome ; for 
the friction itfelf, being proportional to the weight or pref- 
fure of the incumbent. body, it will remain exactly the 
fame in all cafes. So that, -as. to the friction of a loaded 
carriage, it will be likewife. proportional to its weight, 
whether it prefs immediately on the plane {upporting it, 
or by the intervention of the {pokes or radii of a wheel; 
provided the axle or nave be of the fame materials as the 

wheel: 


{ 24 ] 
wheel and its fupporting plane; that is, if the afperity of 
their furfaces be equal. 


‘Tue common method of accounting for this advantage, 
in furmounting friction obtained by wheels, is by faying 
that the refiftance arifing from friétion in planes of equal 
afperity, or equally rough, is that fuch refiftance increafes 
with the velocity of the motion; in other words, that the 
friction is the greater and more difficult to furmount, as the 
parts are rubbed together with the greater fwiftnefs ; fo that 
this velocity muft be compared with that of the power ne- 
ceflary to move the machine and overcome the fri€tion. At 
the fame time it is obvious, that the velocity of a circular 
motion diminifhes gradually from the circumference to the 
centre, * 


Bur to this it may ‘he ohyected, that the illuftration is 
by no‘means applicable to the cafe: for, granting that, in 
the friction of fledges or flat furfaces, fliding over or rub- 
bing againft each other, the refiftance increafes in propor- 
tion to the velocity of their motion, this is not a parallel 
cafe with that of a circular furface or edge rolling over a 
flat plane. On the contrary, the velocity of motion in the 
outer furface of a wheel is greater than that of its nave, 
moving under the axle; while at fuch outer furface there 
is 


* See Chambers’s Cyclopedia. Art. Fridtion. 


is little or no friction at all; whereas at the nave, moving 
much flower, there is much more. Indeed the friction, 
which the wheel would have againft its fupporting plane, 
did it not turn round its axis, is by its turning round tran{- 
ferred almoft wholly to the axis and nave; whofe circular 
motion is notwithftanding fo much flower. It is indeed 
notorious that the great friction of the wheels of carriages 
lies between the axle and nave: how then can it be properly 
afferted that fuch friction is diminifhed at the axle, as the 


velocity of the circular motion is there diminifhed ? 


WERE the wheel indeed laid down upon its fide, the 
nave and fellows being fupported by a flat plane, and in that 
fituation the wheel turned round its axis, it is certdin that 
the lateral furface of the nave would rub lefs againft fuch 
plane than the lateral furface of the fellows ; and that in pro- 
portion to the velocity of their circular motion; which 
would gradually decreafe from the periphery to the centre, 
But, fet the wheel up on its edge, and let it turn on its axis, 
in rolling along fuch flat plane, and the friction, fo far 
from being greateft at the edge of the wheel, where its-cir- 
cular motion is fwifteft, will, as I before faid, be little or 
none at all on that edge; but the whole friction will be 
transferred to the axis and the nave; whofe circular motion 


is yet fo much flower, 


For 


ey 
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For it is to be obferved, that the internal furface of 
the nave does not roll under the furface of the axle, exactly 
in the fame manner as doth the external furface of the 
wheel over the plane fupporting it; the motion of the inner 
periphery of the nave not being equally circular with that 
of the wheel, nor of lefs velocity in proportion to the dif- 
ference of fuch peripheries. If indeed the axis of the wheel 
were fixed, as above hinted, and the wheel only turned round 
it, the re{pe€tive velocities of the inner furface of the nave 
and the outer edge of the wheel would bear that propor- 
tion*; but, as the axis is carried along progreffively in a 
right line while the wheel revolves round it, the motion of 
every point in the outer furface or edge of the wheel de- 
feribes a cycloid, and that of every point in the inner fur- 
face of the nave an arch more or lefs cycloidical as it 1S 
diftant from the periphery of the wheel. At the fame 
time, the line, deferibed on the fupporting plane by the 
whole periphery, is exactly equal to that periphery and to 
the right line defcribed by the centre of the axis, in the 
rectilinear direction of the draught; fo that it is plain the 
local motion or direct progreffion of the nave is equal to 
that of the fellows of the wheel. How then is the refiftance 
of friction diminifhed from the want of velocity in the 

~ motion 


* Thus the lateral friction of the wheel, if rubbing againft a vertical plane, 
would follow the proportion of the circular velocity, as before obferved. 
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motion of the inner furface of the nave, when it is evident 
that the inner furface of the nave has rubbed againit the 
axle, as much as the axle, or bed of the carriage, would 
have rubbed againft the {upporting plane, had the wheel 
been taken away, or as the bottom of the outer furface of 
the wheel would have done, had not the wheel turned on 


itS axis ? 


Ir may be fufpected this is not a true ftate of the cafe, 
becaufe the inner periphery of the nave is fo much fhorter 
than the line of progreffion, or reétilinear motion of the 
axis ; but itis fo for this very reafon: for, if it be con- 
fidered that the nave is under the neceflity of turning round 
as much flower than the wheel as its circumference is lef{s, 
the weight of the axis muft prefs proportionably longer, 
within any determinate fpace againft the inner furface of 
the nave, than it does within uae fame {pace again{t the 
outer furface of the wheel. ‘Hence the weight bearing 
longer on each point of the inner furface of the nave, in 
proportion as its length is lefs, the rafion againit the whole 
ts equal to what it would be, if the periphery of the nave 
were equal to the line of progreffion or local motion; that 
is, fuppofing there were no wheel at all. 


It is affirmed indeed by fome writers, and particularly 
by Chambers in his Cyclopedia, “ that the wheels of car- 
E, 2 riages, 
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riages, though they appear to have a double motion, the 
one circular, about their axis, the other reétilinear, by 
which they advance along the road, yet in effe& they have 
but one; it being impoffible the fame thing fhould move, 
or be agitated, two different ways at the fame time.” This 
one motion, it is faid, is a fpiral one, as is eafily feen by 
fixing a piece of chalk on the face of a wheel, fo that it 
may draw a line on a wall, as the wheel moves.—The line, 
it is faid, which it here traces, is a juft {piral, and ftill the 
more curve as the chalk is fixed nearer the axis. 


By what means this conceit about the fame thing moving 
two ways at once, came to find its way into mechanics, I 
know not; but the fact related is as falfe as the propofition 
is equivocal and abfurd. It is not true, or pretended to be 
fo, that the fame thing moves two ways at once in the rec- 
tilinear and circular motion of wheels. ‘The lacal motion, 
or motion of the whole wheel, is rectilinear only; that of 
the parts of the wheel circular. Nor can this latter motion 
with any propriety be called that of the wheel, unlefs the 
fame thing could alfo move quick and flow at the fame time, 
which the different parts of the wheel, in revolving round 
its axis, evidently do, 


Ir is alfo fomewhat furprifing that the pretended fa 
fhould continue to be inferted in the repeated editions of that 


popular 
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popular work ; fince nothing is more eafy than for any one, 
who will take the trouble to make the experiment, to prove 


its falfehood. Place the chalk on the face of the wheel, as- >” 


directed, and you will find that, fo far from its defcribing 
a jutt {piral, and that ftill the more curve as the chalk is 
fixed near the axis, the chalk, if placed on the periphery 
of the wheel, will defcribe a cycloid, and the nearer it is 
placed to the axis, ‘the ‘nearer will the line it defcribes. ap- 
proach to the ftrait line which is defcribed by the axis 
itfelf-——_____—_-—_—___________4 


ewanionenee oe : 
ree ~ Per 2 \ 
a . ~~ 
~ 
a ~ 
. cf a 
| Y \ 
ee } i i i y. 
~ / 
; ae Deep “ 4 
4 : ‘ P -4 ~~ 
« “Se “yy . 
gers 7 r 


L 30 |] 


“S E-C'T’¥'O"N 1. 


The friétion of carriages not diminifbed, but only more cafily 
| overcome, by the ufe of wheels. 


4,7 
. ~ 


To illuftrate what has been afferted in the foregoing 
fection, that fri€tion is not diminithed by the ufe of wheels, 
but transferred only from the outer furface of the wheel to its 
nave and axle, let the circle A (plate ¢.) ftand for the fection of 
the axis of the wheel, the line B C for the length of the inner 
furface of the nave, it is plain that, if A roll along BC, 
the circle being equal to the right line, there will be no ra- 
fion or rubbing in the cafe, any more than there is with 
the external circumference of the wheel and the plane 
fupporting it, for that very reafon, viz. becaufe the line 
defcribed between both is of the fame length, 


Ir isalfo evident that the furfaces will rub as little againft 
each other, whether the axis A roll over B C, or A remain 
at reft, and BC roll round A. 


LET 
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Ler us put the cafe then as it really is. A B is the ex- 
ternal circumference of the wheel, equal to the right line 
CD, over which it rolls without fliding. E F is the inner 
furface of the nave, equal to the right line G H. —I K is 
the fpoke, or radius, of the wheel, proportional to whofe 
length the velocity of the motion of the furface of the 
nave 1s fuppofed to be diminifhed ; its outer end K being 
propenfe to move with a velocity much greater than I, as 
it is farther removed from the centre 0, the fection of the 


axis, 


Now the wheel being put in motion, by drawing its axle 
forward ina line parallel to the plane C D, the outer point 
of the fpoke, at K, will defcribe the cycloid K LC; while 
the inner end I defcribes thé line IM 3; when both the one 
and the other will have moved equally forward the {pace 
CD, four times the diameter of the wheel. 


Ir is hence plain, that the velocity of the motion of the 
inner end of the fpoke at I is not diminithed with refpect to 
its outer end K, in proportion to its diftance from the centre 
of the wheel, but in proportion only to the difference be- 
tween the length of the cycloid L K, and that of the cy- 
cloidical line I M. At the fame time it is evident that, if 
the inher point of the furface of the axis, ot top of the 
Spoke, I, have deferibed a line fo’ much greater tham the 

length 
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lengih of the periphery of the axis, round which it has 
rolled,. it muft either have rolled fo many more times round 
that axle, as G H islefs than I M, (which from the con- 
{truction of. the wheel-is impoflible) or the inner furface of 
the wheel muft have flid, and confequently rubbed againft 
the furface of the axle : becaufe the point of the axle having 
defcribed the dotted line H G-M, that of GH fhould have 
been equal to it, to put it in the fame circumftances, as are 
the outer extremity of the wheel and its fupporting plane. 


Tuis matter might be made ftill clearer, by fuppofing 
that the wheel were carried along in a right line, without - 
tafion or revolution ; and that the axle, in the mean time, 
were turned round; fo that its-furface fhould move with 
the velocity which the inner furface of the nave would have, 
fhould the wheel revolve and the axis be carried forward in 
aright line. It is plain that, in this cafe, the axis mut 
make fo many revolutions, while the wheel is fo carried 
forward in a right line equal to its circumference, as to caufe 
any point on the furface of fach axis to deferibe a line 
equal to that which in the other cafe would be defcribed 
by any point of the inner furface of the nave. This js 
plain; for itis evidently impoffible that a fhort line can be 
applied to every part of a long one, by merely rolling over 
it. It mmft neceffarily flide fo far as the longer exceeds the 
fhort. And yet in this cafe the infide of the nave, which 

| only 
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only is actually rubbed, is very little longer than the circum- 
ference of the axle: fo that the long line, to which every 
part of the thort one is fuppofed to be applied, is a merely 
imaginary line and not a rubbing material fubftance, 


Ir is to be obferved, however, that though, the fric- 
tion of the carriage being in this cafe the fame, the ob- 
{truction to its progreffive or reétilinear motion will be 
equal, fuch obftruction does not immediately a@ againtt 
the carriage in the direGtion of its loca] motion ;. as is the 
cafe of friction in the draught of fledges; but refifts that 
rectilinear motion indire@ly or in a different direction ; 
tending only to increafe the difficulty of the wheel’s turning 
round, and thereby reducing the carriage more to the ftate 
and circumftances of a fledge : by which means the advan- 
tages, to be obtained from the {pokes or radii of a wheel 
acting as levers, are prevented. 


For it is on the rubbing between the fupporting plane 
and the furface of that part of the carriage immediately 
actins on it, that all refiftance to draught from friction ulti- 
mately depends: for, were thefe planes perfectly {mooth, 
no roughnefs on the furface of the nave or axis would re- 
tard the rectilinear motion of the wheel, tho’ it might pre- 
vent its revolution on its axis ; the wheel in that cafe (that 
is, the outer planes being perfectly fmooth) being as eafily 
flid as rolled over the unrefifting furfaces of fuch planes, 
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7. ceo NY, 


The wheel of a carriage not an axts in perttrochio; tts fpokes 
ating againft friction merely as fimple levers. 


MISLED for want of duly attending to the foregoing 
circumftances, and by the apparent difproportion there is 
fometimes found in the prattical effects of high and low 
wheels, if their {pokes are conceived to act as levers, many 
perfons of late have called in queftion the truth of fuch 


conception. 


TueE radius of a wheel, fay they, does not ad as a lever 
of any kind in overcoming friction, for it does not reft on 
any fulcrum ; without which it can be nolever: butin this 
they are miftaken ; the fpokes, or radii, of a wheel aét as 
fingle levers, whofe fulcra are placed near one end, when 
the wheel only rolls along the ground, without bearing any 
incumbent weight, and as double levers, with fulcra placed 
near both ends, when the wheel turns round an axis, fup- 
porting a loaded carriage. 
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Ir has indeed been inadvertently advanced by thofe whe 
contend that the radii or {pokes of wheels act.aslevers, that. 
the wheel of a carriage aéts, in overcoming friction as an 
axis.in peritrochio, The {pokes, fay they, are the levers, 
and the axle, on. which the wheel turns, their common 
fulcrum. But this is by no means the cafe, for then the 
{pokes would act as the oppofite arms of a balance ; the 
power applied to any one, acting againft a power applied to 
its oppofite, and affefting it in proportion to their dif- 
ferent lengths from the centre of {fufpenfion or fupport. 
The fpokes in that cafe would not a@ as fimple levers of 
any kind, tending to overcome the friction of the wheel on 
its axis, but againit each other as the oppofite arms of the 
fame balance ; whofe friction on its point of fupport would 
be proportional to the weight fuftained by both arms, whe- 
ther thofe arms were long or fhort. 


| To conftitute the ation of a fimple lever there mutt be 
three different points of refiftance ; firft, that of the weight 
or obftacle to be moved; fecondly, that of the moving 
power ;.and thirdly, that of the fulcrum, or point of reft, 
on which the lever muft turn during the operation. To | 
effec this operation, the lever alfo mutt be either that of 
the firft kind, in which the fulcrum } is placed between the 
power and the obftacle; or of the. fecond, in’ which, the 
sesighti is placed between the fulcrum and the power 3 or of 


- 


F 2 the 
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the third, in which the power acts between the weight 
and the fulcrum; as exemplified in plate 6. figures 1. 
2. 3..reprefenting the firft, fecond, and third kind of le- 
vers; O being the obftacle to be removed, F the fulcrum 
or prop fupporting the lever; and P the moving power ; 
which, fuppofing the obftacle a weight to be raifed, aéts in 
the firft inftance downwards, and in the fecond and third 
inftance upwards, in the directions P, P; Pp 


Now it is very plain, that if we confider the fpokes or 
‘radii of a wheel as levers, they will always want one of the 
three neceflary points of refiftance, if their common centre, 
or inner end of each, be fuppofed its fulcrum. In the firft 
inftance, the fulcrum is plainly at fome diftance from the 
common centre of the fpokes or extreme inner point of 
each. In the fecond the obftacle to be removed is placed 
between one end and the other; which is not the cafe in 
the action of the fpokes of wheels overcoming friction ; fo 
that the point of refiftance of the obftacle is wanting: and 
in the third cafe, the obftacle is at one end, and the fuppofed 
falcrum at the other; but the moving power muft ac at 
one of thefe points; and, as I have faid, the action of a 
lever requires three different points of refiftance. 


Tue fpokes or radii of a wheel, therefore, do not act as 
levers refting on their common centre as a fulcrum, in over- 
coming 
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coming their own friction either againft the fupporting 
plane, or the friction arifing from the weight of the care. 
riage refting upon the nave of the wheel. 


But though the common centre of fuch {pokes or radii 
be not their fulcrum, and the wheel does not in this cafe 
act as an axis in peritrochio, thofe radii a@& neverthele{s as 
fimple levers, in overcoming fri€tion, turning upon their 
refpective fulcra, viz. the prominences or af{perities con- 
{tituting the roughnefs of the planes; from which fuch. 
friction arifes, | 
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Of the manner tn which the fpokes of wheelsak as levers, in 
) , ouercoming friction. | | 


TO illuftrate the moft fimple operation firft; that of a 
wheel rolling along the ground, whofe fpokes therefore ac&t 
only as fingle levers, to overcome the friction of the peri- 
phery again{ft the plane of its fupport; let A B (fig. x. 
plate 7.) reprefent a wheel, or the fection of a garden roller, 
drawn along by its handle C, refting loofe on the axis a, 


SETTING the weight of the handle afide, the plane P, p, 
fapports no other weight than that of the wheel; in pro- 
portion to which will be the preffure on that plane, and of 
coutfe thefri€tfion. This, as hath been before obferved, 
amounts to about a third of its weight, and if the wheel 
did not turn round, would require a force equal to a third 
of fuch weight in the moving power, to draw it along. But, 
as the wheel is capable of being turned round, it will be 


drawn 


a 


drawn along with a force proportionably lefs, as its centre 
is diftant from the plane. This will appear evident, by re- 
prefenting the roughnefs of the planes ona larger f{cale; fo 
that their eminences and cavities may be perceptible 
to the eye, as in a former page, and in fig. 2: in 
which, to render the matter plainer, the periphery of the 
wheel is diminifhed, and the teeth magnified, fo as to 
reprefent the weight of the wheel fupported by a fingle tooth 
only; the illuftration being equally applicable, were it 
fupported by ever fo many. 


Ir is plain that if the roller A had not a circular form, 
but refted on the ground with a furface equal to: its! diameter, 
the preflure of its weight would be divided: between feveral 
of the teeth of the contiguous furfaces ; but as, from its ~ 
circular form, it refts folely on one, it mut prefs with its 
whole force on that one ;’fo that it would:require an equal 
power to raife it over that one, asif it prefled on ever fo 
many. ‘The preffure and friction is therefore evidently not 
diminifhed by the circular form of the roller, but only tranf- 
ferred from the inclined fides of the teeth to the top and 
bottom of the eminences and cavities conftituting them. 


WE now come to the reafon why a lefs force, in the mov- 
ing power, will overcome friction in‘rolling, than‘it will in 
| fliding 
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fliding ; and this is plainly becaufe that, in the laft cafe, the 
centre of gravity of the body refts conftantly on one and 
the fame {poke or radius ; which is ever at right angles to 
the line of traction; fo that the body cannot move forward 
without having the eminence, or tooth, on which it refts, 
lifted out of the cavity of the fupporting plane over the next 
eminence in the rectilinear direG@tion of motion ; in which 
cafe the centre of gravity of the whole is lifted with it: 
whereas, if the body be free to turn round on its axis, its 
centre of gravity conftantly changes its radius or point of 
fupport, as it proceeds in the rectilinear line of traction ; fo 
that the teeth of the upper plane have no occafion to be 
lifted immediately over the teeth of the under, as they ftand 
in the dire€tion of the wheel’s progreffive motion. 


In the meanwhile, it is evident that the refiftance arifing 
from the preflure of the eminences of the upper plane into 
the cavities of the under, is overcome by the radii or {pokes 
acting as levers of the firft kind, and making the tops of 
fuch eminences their fulcra; and by that means raifing the 
tooth out of its cavity, with a facility equal to the length 
from the fulcrum to the moving power ; the diftance from 
fuch fulcrum to the bottom of the cavity being always the 
fame. Even this may be made apparent to the eye, by {till 
magnifying the roughnefs of the planes, and imputing the 

friction 
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friGtion of the top of the eminences againft the bottom of 
their cavities to the fame canfes, viz. the weight of the in- 
cumbent body and the roughnefs of the furfaces. 


Let § Sin plate 8. reprefent a fegment of the circum- 
ference of the wheel or roller above-mentioned. 


_ Ler A be the tooth bearing the. whole weight of the 
wheel, whofe centre of gravity is at B; at which the moving 
power acts in the direction BP. It is plain that in this 
cafe the upper point of the eminence C, in the under fur- 
face U U, will be the fulcrum of the lever B A; and that 
the moving power will overcome the refiftance arifing from 
the roughnefs of the bottom of the cavities, expreffed by the 
{mall teeth t t ; lifting the point of the great tooth A up- 
wards in the arch ei, whofe centre is C, with a facility 
proportional to the length of Bb, the longer end of the 
lever BA. At the fame time we fee the reafon why the 
centre of gravity of the whole roller is not raifed by the 
teeth rolling over one another; becaufe C, being the ful- 
crum of the lever fupporting fuch weight, the radius or 
{poke D, the next in the line of the reétilinear motion of 
the wheel, muft defcend, in proportion as A is lifted up. 


NotTuinc I think can be hence more evident than that 
the {pokes or radii of a wheel act as levers, to overcome 
G their 


[ 4°] 


their friction on the plane fupporting them. It will hence 
alfo follow that a high wheel, of the fame weight with a 
low one, will be drawn more eafily by the fame power, 
fuppofing it applied to its centre, than the low one; the 
moving power being alfo in like manner applied to the 
centre of the low one. 


Ir the weight of the wheel, however, be increafed, in 
a certain proportion to its height, no advantage will be 
gained by that height, and if difproportionably fo, it will 
require a greater force to draw a high wheel than a low one. 


Tue cafe indeed is very different in loaded carriages ; 
efpecially fuch whofe wheels bear but a fmall proportion, in 
refpect of weight, to that of the load they fuftain ; as will 
be fully proved, in confidering how far wheels ferve to 
overcome the friction arifing from the load they are cal- 
eulated to bear. | 
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SECTION VY. 


Of the manner in which the fpokes of wheels afb as double 
fevers, in obviating the friftion of the wheels in loaded car« 
riages. 


Ir has been fhewn, that while a wheel rolls along, with- 
out fupporting any incumbent weight, its {pokes or radii a@ 
as fingle levers of the firft kind, ferving to difengage the 
prominences of the contiguous furfaces of the wheel and its 
fupporting plane, from each other, in the manner defcri- 
bed in the preceding fection. 


But when a weight is incumbent on the axle-tree of a 
carriage, and that axle is fupported by wheels revolving 
round it, as fuch axle is drawn forward in a right line, the 
radii or {pokes of fuch wheels a& as double levers, refting ~ 
on a fulcrum at each end. 


I nAvE already explained the manner in’ which the radii 
of a fimple wheel at againft the friction arifing from the 
G2 prefiure 


fT 644] 
oreffure of its weight on the fupporting plane, by means of 


the fulcra, conftituted by the prominences or afperities of 


fuch plane. 


Ir is in a manner nearly fimilar that the {pokes aé as 
levers of the fame kind, to overcome the friction between 
the inner furface of the nave and the under furface of the 
axle. Thus, artificially magnifying the roughnefs of the 
axle and nave, as we did before that of the wheel and its 
fupporting plane, the levers and fulcra will appear as in the 
following figure; it making no difference with re{pect to 
the ‘action of the radii as levers, whether the fulcra he 
“urged forward _by the redtilinear motion of ‘the axle, or 
whether the fulcra and axle remain at reft, and'the longer 
end of the levers be urged the contrary way by the moving 
-power. a | | 


Let D (plate g.) reprefent the axis of the wheel ; 
5S S a fegment of the inner furface of the-nave; F G the 
fpoke;, Q. Q.a fellow or. fegment' ofthe outer ‘circumference 
of the wheel,,.and.A B the plane fupportingyit.. 


Ir is plain, from the figure, that whether the fupporting 
; plane A B be drawn backward toward C; while the axis D 
femains fixed, or that axis be drawn forward toward E ; 
the plane A B-remaining fixed, the fpoke F G will a& as 

a lever 
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a lever againft the afperities of the planes at both ends, by 
means of the fulcraz, 2; the moving power acting at 2, 
again{t the afperities of the fupporting plane A B, by means 
of the fulcrum &; and at & againft the afperities of the 
axle by means of the fulcrum 7. At the fame time, the 
power of the lever will a&t on both fulcra, in proportion to 
its whole length, 


To illuftrate this, Iet us fuppofe the fpoke, or lever, to 
turn on a centre in the middle at ¢, and the moving power 
drawing at the axis in the line E D, or rather in the dotted 
line L, 4, to be equaHy divided; one half acting in that 
line and the other half the contrary way, in the line G, «, 
by the motion of the fupporting plane A B. It is plain, 
that the two ends of the {fpoke, being urged equally con- 
trary ways, they will be reciprocally difengaged with equal 
facility, by the rolling of the teeth of the contiguous fur-~ 
faces over each other ; there being no more rafion at the 
end F than at the end G. 


HENCE it appears, however, that when the whole 
moving power acts in the Line L, 7, and the {upporting 
plane A B remains at reft, there will be this difference be- 
tween the action of the lever at F and its adtion at G, wz. 
that, as the circular motion of the nave is flower than that 
of the periphery of the wheel, in proportion to their refpec- 

tive 
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tive diameters, and yet the axis has the fame reCtilinear mo- 
tion as the periphery, the lever will act longer and prefs 
harder on the fulcrum 7 than on the fulcrum 4, and that in 
proportion as the number of teeth in the inner furface of 
the nave is lefs than the number of thofe on the outer fur- 
face of the wheel, notwithftanding it be folicited by the 
fame moving power, acting at equal diftance from each 
power. 


HEncE we fee the reafon why the nave and axle rub fo 
much more forcibly againft each other, than the outer fur- 
face of the wheel does againit the plane fupporting it ; not- 
withftanding the inner furface of the nave rolls under the 
axle nearly in the fame manner as the outer furface of the 
wheel rolls over fuch fupporting plane. 


Ir is to be remembered that the rafion is here differently 
effected to what it is in the friction of flat furfaces, when 
the upper flides over the under; the teeth of the upper, in 
that cafe, prefling with their fore furfaces againft the hind 
furfaces of the teeth of the under ; whereas in this cafe the 
fore furfaces of the teeth of the under plane prefs againft 
the hind furfaces of the teeth of the upper: fo that did not 
the friction between the nave and axle tend to increafe the 
friction between the outer furface of the wheel and that of 
its fupporting plane, the preflure occafioning it, would 

rather 


bad 


rather accelerate than retard the rectilinear motion of the 


axls. 


AT the fame time we have here an airrefragable proof of 
the fallacy of the notion that friGion is in this cafe djmj- 
nifhed, merely by the increafe of velocity in the relative 
motion of the contiguous furfaces ; for it is clear that the 
inner furface of the nave moves much more flowly under 
the axle than the outer furface of the wheel over its conti- 
guous plane; and yet the friction between the floweft 
moving furfaces is here by much the greateft. 


Tuat the diminution of the power neceffary to over- 
come friction in this cafe, follows the ratio of the diminu- 
tion of the velocity of the circular motion, is very certain ; 
but this is, becaufe the radii of the wheel act as levers 
in the fame proportion; as I prefume hath been fully — 


fhewn. 


To add however a word or two more on the fubje& ; it 
has been confirmed by innumerable experiments, that the 
increafe of friction between furfaces equally rough fol- 
lows the proportion of the incumbent weight on both. I 
have given a mechanical reafon why it neceffarily mut be 
fo, in the cafe of one plain flat furface fliding over another, 

viz. 


[ 48 | 
viz. becaufe the upper furface muft be lifted and drawn up 
the inclined plane of the teeth of the under. 


Now the fame reafon holds good in the cafe of the axle 
and nave, with the difference only in the mode of operation, 
as before explained. The circular furfaces being lefs, the 
upper is not lifted fo often, nor over fo many teeth, but 
dwells longer and prefles harder againft each. So that fup- 
pofing all the friction taken away from between the exter- 

‘nal circumference of the wheel and the plane fupporting it, 
becaufe it rolls along a fpace equal to that circumference, 
the whole of fuch fri€@tion will be only transferred 
from the outer furface of the wheel to the inner furface of 
the nave: where the weight of the carriage muft be lifted 
up the inclined planes of the teeth of the under furface, in 
the fame manner as if it had flid along the ground; with 
this difference, I fay, only, that when the wheel is ufed, 
the moving power acts by means of the fpokes as levers, 
with an advantage proportional to their length, to raife 
their weight ; the inclined planes of the under teeth in the 
meanwhile becoming more oblique, from the neceflity of 
the wheels conftantly changing its radius of fupport, and 
the nave rolling under the axle. 


By the ufe of wheels, the friGtion, or rubbing, of the 
euter circumference againft the fupporting plane, is, as 


hath 
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hath been before obferved,: only transferred'from the under 
to the upper, or rather divided’ between thofe furfaces and 
the furfaces of the axle and nave. Were the nave’ 
nearly as big as the outer furface of the wheel, the axis 
would flide mearly all the way; as, the wheel being but 
little bigger than the axis, and its radii or fpokes of fcarcely. 
any length at all, there would in fact be ate or Ao éyeans 

and confequently no rolling. | ) 483599 


Tue cafe therefore appears fimply to be this, that the 
motion of the carriage being redtilinear, and parallel to the 
fupporting plane, the wheel muft flide nearly the whole 
length of that plane, and therefore rub all the time either 
at the axle or at the circumference. The more it rubs at 
the one, the lefs it will rub at the other; the rubbing at 
the axle increafing as its diameter is diminifhed, and the 
rubbing at the circumference increafing as the diameter of 
the axle is increafed. 


It) will herte-follow, that if a method could be difco- 
wered to make the furfaces both of the nave and circum- 
ference roll all the way, the friction which attends the rub- 
bing of parallel moving furfaces, and increafes in propor- 
tion to the weight of the upper, will be removed, whatever 
be the proportion which the diameter of the axle may bear 


to the circumference of the wheel, 


H THus 
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Tuus if acarriage were drawn over rollers, conftantly 
finding a new roller to reft upon, as it progreffively pafled 
off another, the friction arifing from the neceflity of lifting 
the upper furface over the teeth of the under, would cer- 
tainly be annihilated ; and perhaps fuch a method is pra¢ti- 
cable. But the cafe is, that if it were praéticable, it 
would be of little ufe; as the diminution of fri@ion 


beyond a certain degree is of very little confequence 1 in the 
draught of wheel-carriages. 


SECTION 
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Of the importance of Sriciion refpecting the draught of 


avheel-carriages, 


IT HAVE been the more prolix and patticular in ex- 
plaining the nature of friction; becaufe it is really an 
important object to be confidered in the operation 
of mechanic engines in general ; it is, however, by no 
means of fo much importance in preventing the progreffion 
of wheel-carriages as hath been generally imagined. 


ONE might be led to think, from the experiments ufually 
made on this occafion, that friction were almoft the {ole 
obftacle to the draught of carriages; info much. that, if 
fuch friction were entirely removed: or: {urmounted; they 
would moye along horizontal planes of their own accord,’ 

CERTAIN indeed it is,, that, were there no friction in the 
eafe, the {mallet power imaginable might draw'the greatett 
ee | ~ load 


te 


load along fuch a horizontal plane: but with what velocity 
would it draw it? Juft with as great a velocity as the globe 
of the earth recedes from the percuflive weight of a fly. It 
is fomewhat furprizing that fo many ingenious experiment- 
alifts have beftowed their time and attention on this fubjeé, 
without taking into confideration the velocity with which 
the feveral carriages were moved by the tng powers 
‘applied to put them in motion. 


THAT the force peblisiry to put a carriage at reft into 
motion, is proportional to the friGion dependent on its 
weight and conftruction, is certain: fo that of two car- 
riages of the fame weight, that which is eafieft put in mo- 
tion is comparatively the beft on this account. But i In judg~ 
ing of things comparatively better or ‘worfe, It is ‘neceflary 
to take in the different 1 ioe of comparifon, or we do 
| nothing. — | 


Tus, in judging of the comparative excellence of two 
catriages of: different.conftructions, but of equal weight, if 
we, were to conclude that, becaufe the one is putin motion 
with ;half:'the force: requifite tomove-the-other, the one by 
one horfe, forinftance, -and the other by'two ;'I fay, if we 
were to conclude therefore that. the carriage which is the 
eafieft moved would be drawn as far in the fame time by 
one ‘shorfe ‘as the other et two; we fhould fall into’ a mot 
egregious €rrory:) 3 


Ir 
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Ir were very eafy to make one carriage of fuch a weight, 
that it fhould be juft put in motion by two horfes; and ano- 
ther of twice its. weight that fhould be juft as eafily put in 
motion by one; but we muft not hence infer, that.in confe- 
quence of the mere difference in the conftru@tion of the 
carriage, one horfe will be able to draw twice as much 
weight as two can do, to the fame diftance in the fame 
time ; or that the one carriage is in this cafe comparatively 
four times better than the other. Yet this feems to be the 
. general mifconception of the matter, from the’ prevailing 
notion that friction is the principal obftacle to the progrefé 


of carriages, 


EXPERIENCE, however, demonftrates the contrary. It 
is not many years ago that an-ingenious artiftof Birming- 
ham invented a method, to take off the friGion: from the 
axle of carriages; from which: he expected prodigious ad- 
vantages in the draught.. 


Nay, fo confident was he of fuccefs, that he caufed the 
words f7iétion. annihilated. to. be :infcribed ‘on the’ boxes of 
his wheels. And yet I do not find that his carriage could 
be drawn fafter, with the fame number of horfes, than other 
carriages of the fame burthen. It has been faid, indeed, thae 
the:{mall rollers on which the axle fhould haveturned did not 
properly dotheir office ; but if they had, it-would have figni- 

fied 
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fied little ; the diminution of the fri@tion in thefe cafes to 
more than an eightieth or at moft an hundredth part of 
the whole weight of the load being of no apparent con- 
fequence. The reafon of ths will more fully appear on 
recurring to the theory of progreflive motion. 


Berore I clofe this fection, however, it may not be amifs 
to take notice of a late invention, which feems to be an 
improvement of Mr. Wyatt’s {cheme before-mentioned ; 
the ingenious improver having, as I have been informed, 
obviated the difficulties attending flat rollers, by ufing {phe- 
rical balls, to prevent the rubbing between the nave and the 
axle. : 


THAT acontrivance of this kind, if free ffom the incon- 
veniencies of lateral fhocks and compreffure, would fave | 
the trouble of greafing, and in fome meafure the wear of 
the axle and box, is certain. It might alfo tend to facilj- 
tate the carriage’s being put in motion; but if it be f{up- 
pofed, as the contriver feems to intimate, that becaufe the 
carriage will be fo much eafier put in motion, it will be 
drawn forward with any certain velocity with a Proportion-= 
ably lefs power, it isa miftake. Inventions to remove or 
overcome friction, are of no farther ufe than to obviate the 
difficulties arifing from friction. They are calculated merely 
to hinder the delay occafioned by the carriage’s pafling over 


an 
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an irregular or rough furface; not by any means to urge 
the carriage along. The power that does this muft be pro- 
portioned to the weight, or rather to the vis inertiz of the 
load ; in comparifon of which the ‘rubbing between the 
axle and box in wheel-carriages is a very inconfiderable 


object. 


IN refpect to machines that are not required to move with 
any great velocity, but will admit of being moved as flow 
as the force made ufe of is fmall, fuch contrivances may be 
extremely ufeful ; but where velocity is the principal obje&, 
as in the motion of wheel-carriages, the force required to 
draw them mutt be proportional to the vis inertie of the 
whole load acting in a horizontal direction, and not to the 
friction arifing from the perpendicular preffure of its weight, 
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SECTION. VIL 


The theory of draught reconfidered. 


IT has been already obferved, that draught confifts, firft, in 
the putting a carriage at reft into motion, and {econdly in the 
continuing that motion when arrived at its maximum. With 
regard to the firft, it has been alfo obferved, thatit differs, . 
in the mode of operation, from the mere communication of ' 
motion from a body already moving to another at reft. But,. 
though traction differ from percuffion in mode of action, 
it makes no difference whatever as to the quantity of the 
action ; the momentim of the motion generated in traction 
following exactly the fame ratios of proportion as in that 
communicated by percuffion; that is, (confidering the 
active body or animal in the cafe of draught, to be the 
fame as the moving body in the cafe of percuffion) the force 
exerted by the active body will be divided between itfelf 
and the body to be moved, exactly in the fame proportions as 
is,the momentum of the motion of the moving body in the 
cafe of percuffion. 

LEY 


Bs 


LET us conceive, then, that the animal or team would 
be able, by the exertion of its mufcular force to a certain 
degree, to go forward at any certain rate, without a car- 
riage: let then a carriage of equal weight with the faid anj- 
mal or team be faftened to it, and it would be able, with 
the fame exertion of mufcular force, to draw the Carriage 
forward but half as faft: that is, fuppofing the carriage 
without friction: if the carriage had friction, its velocity 
would be fomewhat lefs. - 


AGAIN, if the carriage were lighter or heavier than 
the team, it would be drawn fafter or flower in a due 
proportion ; that is, the whole momentum of the team, 
which is the active power or moving body, mutt be divided 
between itfelf and the ina@tive body or the carriage, in the 
fame manner as is the momentum of bodies of different 
weights in the cafe of percuffion. | 


So that if carriages of equal weight were to be drawn 
forward with equal velocity by the different powers, which 
might be fufficient neverthelefs to put them in motion, we 
fhould fee a fmaller power generate as great a quantity of 
motion as a larger power ; which would be inconfiftent with 
all mechanical theory, and incompatible with the laws of 


nature, | | | 
(ee | Te 
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To prove experimentally that carriages will not be drawn 
forward equally faft by powers proportional to their differ- 
ence in point of friction, or to the different powers neceflary 
to put them in motion, I took two models of equal weight, 
but of differently-fized wheels, and placing them fide by fide, 
caufed them to be drawn along the floor by means of run- 
ning lines hung over two different pullies. To the end of 
the line, faftened to the higheft-wheeled one, I hung a 
pound weight, which juft put it in motion ; to the end of 
that faftened to the low-wheeled one I hung four pounds, 
which had barely the fame effect. 


_ Now to judge, as fome have done, from this circum- 
ftance, that the high-wheeled model would be drawn for- 
ward with any determinate velocity, by a fourth part of the 
power that would be neceffary to draw the low-wheeled one 
with the fame velocity, is a grofs miftake: to prove which, 
I put two pound to the former, and eight to the latter ; 

when, letting both fet off along the room at the fame in- 
ftant, the low=wheeled one, which required four times ds 
great a power to fet it barely in motion, yet now outrun the 
other above half-way. I thet diminifhed the weight faften- 
ed to the lower-wheeled carriage from eight pounds to fix ; 

but it ftill outrun the high-wheeled one; nor did’ they Ketp 
‘pace with each other, till I hung the fame additional weight 
to the line faftened to the low-wheeled Carriage as to that 


faftened 


t $9 4 


faftened to the high one ; that j is, after the different weights 
neceflary to.overcome the friction of the two carriages were 
applied, viz. one pound to one, and four pounds the other, 
the addition of the fame weight to each became neceffary 
to make them keep pace with each other. - I tried this with 
various weights, and the effe@ was always. the fame, except 
that when the additional weights were {mall, there was fome 
little difcernible difference, on account of the greater ob- 
ftruction which the inequalities of the floor made to the 
little wheels than they did to the high ones. But when I 
applied a more confiderable weight, as for. inftance 
eight or ten pounds, they both kept exactly the fame pace. 
Thus, in the laft cafe, the one was drawn. equally faft by 
eleven pounds, as the other with fourteen ; the. compara- 
tive excellence of the latter, therefore, could be here only 
as fourteen -to eleven, and not as four to one; which it 
would be, if we were to judge by the difproportion between 
the weights that are barely neceflary to.put them in motion. 
It is here to be remarked alfo, that the degree of fuch compa- 
rative excellence would diminifh in proportion as the powers 
applied were to be increafed. When the fri@ion of a Carriage, 
therefore, is diminifhed (as it is called) to about the &ftieth 
or fixtieth part of the weight, the momentum of the 
team, neceflary to draw it with the cuftomary velocity, is 
fo great, that the farther diminution of fuch friction, 
though to ever fo minute a degree, is an object of very little - 
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moment to the progreffive motion of the carriage. For, 
how much foever we diminifh or find means to overcome 
the frition of carriages, there ftill requires a power or 
active body of a momentum proportional to their weight, 
to draw them forward with a certain degree of velocity. 
And that this velocity is effential to the confideration of the 
comparative excellence of wheel-carriages, needs hardly 
be remarked, as expedition feems at prefent to be the prin- 
cipal object confulted in their improvement. But to attain 
this end, it is not the diminution of friction, fo much as the 
diminution of the weight, that is the great object in view. 
But this in carriages of burthen cannot be difpenfed with ; 

which, for that reafon, are under a mechanical neceflity of 
being drawn by proportionably ftrong and heavy teams, 
and of moving proportionably flow ; nor will any contrivance 
to diminifh friction do more for them than to fave the wear 
and tear of the feveral parts of the carriage ; which how- 


ever 1s always the lefs in proportion to the flownefs of its 
motion. 
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SECTION VIIr. 


Of the ufe of wheels in facilitating the draught of carriages 


THE ufe of wheels. In. overcoming the friction’ of 
carriages having been thus fhewn to be limited,. and much: 
more confined than is ufually imagined, with refpe&t to fa- 
cilitating the progrefs. of the carriage by means. of its fup= 
poled diminution, I proceed to confider their more imme- 
diate utility in this refpect, V1Z.. the facilitating the progrefs. 
of the carriage. 


WERE carriages to move along {mooth horizontal planes, 
the ufe of wheels in overcoming fri€tion would be their 
whole utility; but as they are drawn along roads covered: 
with loofe ftones ard indented with cavities, they are far 
ther ufeful in ferving to deprefs, or raife the carriage over 
the one, and in raifing it out of the other,. 


Ir is in this refpect, as well as in overcoming Hrrirh 
that high wheels have the advantage over low ones ; 
shouts 


{ @ ] 


though not quite to that degree for which fome of the ad- 
vocates for the former fo warmly contend. Their degree 
of utility is neverthelefs very eafily to be afcertained in 
general, both by theory and WRN 


WV “woirs 
As to the former, it will admit of a seometrical illuftra- 
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Let AB (fig. 1. plate 10.) reprefent a wheel of two feet 
diameter, . drawn along the plane CD, by a line parallel-to 
the faid plane, and fixed to the centre of the wheel at W. 
“Let O ftand for the obftacle over which itis to be drawn, 
rifing fix inches from the furface of the plane. As it is on 
this point O, that the oppofite point in contaét of the. peri- 
phery_ of the wheel. muft reft and turn, while ‘the wheel i is 
raifed over the obftacle, the lines O, W, and 0, B, may 
be confidered as the arms of a capftan; which being of 
equal length, the power acting at W mutt be equal to the 
weight prefling at B: that 3 1s, fuppofing the power ading 
at right angles to W, O. In this cafe indeed i it muft be much 
greater : ; the dotted line W, P, making a confiderable angle 
with the ‘perpendicular exprefled. by the dotted line W, Z. 
Difregarding this obliquity, . the power in this inftance mutt 
be ute to the weight. 
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Ler A B (fig. 2.) reptefent the foment of a wheel 
of eight feet diameter, ‘drawn along'the plane C D, by a 
line alfo parallel to the plane. . Let O reprefent a like ob- 
ftacle rifing fix inches above the fame ; on which’ the oppo- 
fite point in the edge of* thé whedl turns, ‘while it is raifed 
over it. * Confider ‘How the lines O}' W, and O, B, tobe the 
arms of a capftan, as before, and we {fee that the power at 
W acts at twice the diftance from the fulcrum or centre of 
the capftan that the weight acts at B. Hence it is plain, that 
a wheel of eight feet diameter has juft twice the advantage 
in overcoming obftacles of a wheel of two feet. It has in- 
deed more, becaufe the line W, Z, in this cafe, makes a 
lefs angle with the perpendicular line W, P, than in the 


former cafe, 


To prove this by experiment, I took models with wheels 
of different fizes, and by applying weights and lines run- 
ning over pullies, to draw them over various obftacles, 
found that the theory, as above illuftrated, was fully con- 
firmed by practice, viz. that if it requires a certain power 
to draw a carriage of a certain weight over a certain obftacle, 
with wheels of any determinate diameter, it will require 
wheels of four times that diameter to draw the fame car- 
riage, over the fame obftacle with half that power. As the 
weight of wheels therefore increafes, and their ftrength di- 
minifhes, in a yery great proportion as their diameters, it is 

1h 
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in this cafe as in that of friction, the wheels of a carriage 
may be made fo large, and confequently fo heavy, that it 
will be lefs eafily and {peedily drawn than if its wheels were 
{maller ; _notwithftanding high wheels have in general the 
advantage, both with refpect to friGion, and alfo with 
regard to the more readily furmounting of obftacles, 


SECTION 
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SECTION Ix. 


On the draught of wheel-carriages on inclined planes. 


HAVING thewn how far the friaion of machines is an 
impediment to their draught on horizontal planes, and the 
confined utility of wheels in the removal of that impediment, 
it will be proper to obferve how far they are ufeful in the 
draught of carriages up and down inclined planes. And 
here it is to be remarked that the refiftance arifing from 
friction is diminifhed, as the preflure of the load againft the 
plane is diminifhed ; which it always is, in proportion to 
the inclination of the plane: but this diminution is fo far - 
from being an advantage to draught in going upwards, 
that the force of gravity counteracts the rife of the car- 
riage in a much greater proportion than the impediment to 
its progreffive motion is leffened by the means of furmount- 


ing its friction. 


THis impediment to the draught of carriages up ins 
clined planes, from the counteraction of gravity, is of fo 
K much 
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much the more importance, as the contrivances for over- 
coming their friction on horizontal planes increafe the 
evil, by aggravating fuch impediment to motion up in- 
clined ones. 


In the draught of carriages along horizontal planes, the 
moving power or team acts almoft folely againft the vss 
inertie of the load; but in the draught of carriages afcend- 
ing inclined planes, it acts not only againft the ws mertia, 
which is always equal to the abfolute gravity of the 
load, but alfo againft the relative gravity of the load 


ne itfelf, 


Now this relative gravity regularly increafing with the 
inclination of the plane, it were fuperfluous to make new 
experiments to prove what has been fo often demonftrated, 
viz. that the refpective relative gravities of the fame body 
on different inclined planes are to each other as the fine of 
the angle of the plane's inclination. 


Tuis rule holds good in all kind of carriages: but in 
thofe raifed on wheels it is to be obferved, that the higher 
the axis is removed from the plane, the farther is the centre 
of gravity removed out of the perpendicular line of fup- 
port: fo that the lower the wheel, the lefs is the relative 
gravity of the carriage. | 
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Let AB C (in plate r1. fig. 1.) reprefent the periphery of 


fow wheel, whofe centre is at P, the line E. D the. paral- 
lelifm of the horizon, the line G F the inclined plane, up 
which the wheel is to be drawn, the line N Qa perpendicu- 
lar to the horizon.—In this cafe it is plain, that the weight of 
the carriage is no farther removed from the line of fupport, 
in which its relative gravity would be nothing, than the 
diftance of the line M. P. But let H. I..K. reprefent the 
periphery of a larger wheel, whofe centre is at O, and it 
is equally plain that in this cafe the weight of the carriage 
would be removed fo much farther from the line of fupport, 
and confequently its relative gravity increafed, in propor- 
tion as the line N, O, is longer than M, P. | 


HENce it is evident, that fuppofing the friction of two 
carriages of equal weight, but of different-fized wheels, 
to be equal, the low-wheeled one would be drawn up hill, 
on a fmooth plane, much more eafily than the highewheeled_ 
one: notwithftanding it is certain that on a fmooth hori- 
zontal plane the latter would be craw. more eafily than the 
former, Do ae 


In going down hill, indeed, the high-whecled carriage 
will be urged forward, by its relative gravity, more than” 
the low-wheeled one: but this will’ hardly be accounted 
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advantageous in the former, if we pay due attention to the 
inconvenience and danger rere iae,) the accéleration of car’ 
siages down hill, lon om 


PART 
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PART. THIRD 


OFr THE CONSTRUCTION OF VARIOUS CARRIAGES FOR 
DIFFERENT PURPOSES.. 


THERE is nothing more abfurd than the common at- 
tachment to cuftom, in ufing the fame kind of carriages 
for very different purpofes; to each of which feverally the 
conftruction of the carriage fhould be re{pectively adapted... 


Tuus we fee in London the fame kind of carts made ufe 
of to carry coals in facks, which are to be fhifted out and 
in from a porter’s fhoulders, as for the conveyance of fugar 
hogfheads, casks of liquor, &c. which are lifted up and 
let down again with great difficulty and danger.. It were 
needlefs to multiply inftances of this kind of mifapplica- 
tion of the ufe and power of wheel-carriages: the~ nu- 
merous accidents which attend it are known to every 
body. 


SECTION 
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SECTION -I, 


Of carts, and other two-wheeled carriages of burthen. 


NEXT to the fledge, the carriage of the moft fimple 
conftruction is the cart: the form of which is capable of 
almoft infinite variations, to adapt it to the feveral different 
ufes to which it is or might be applied. And yet, except in 
very few cafes, practitioners appear to have no idea of con- 
ftructing a two-wheeled carriage in fuch a manner as to 
receive the load. below the axle-tree : a circumftance which 
one would imagine the ufe of high wheels would naturally 
give them occafion to advert to, and which, in many cafes, 
would not only be attended with great advantages in loading 
and unloading, but would fave the horfes confiderable la- 
bour, efpecially in the afcent of inclined planes, 


I wave already explained from what caufe high wheels 
in general are difadvantageous in drawing up hill: now this 
caufe is greatly aggravated in two-wheeled carriages, when 
the centre of gravity of the load is placed, as it ufually is, 


con- 
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confiderably above the centre of the wheels. For though 
on plain ground it matters little with ref{pect to draught 
whether that centre of gravity be high or low, yet when it 
lies much above, and the carriage is afcending up hill, it 
will be thrown back, and add to the relative gravity of the 
carriage much more than it would if the centre of the load 
lay below the axle. 


Let W, W, W, (plate 11. fig. 2.) reprefent the periphery 
of acart-wheel, drawn up the inclined plane C, D, it is 
plain that, if the centre of gravity of the load be placed 
above the axle at F, it will be farther removed from the per~- 
pendicular to the horizon, exprefled by the line P, E, and 
confequently from the point of the wheel’s fupport, than if 
that centre were placed at G, 


In this latter cafe alfo, the weight being placed under the 
axle, preffes the fhafts on the horfe’s back, and gives him a 
greater power of draught, by adding to the frmnefs of his 
footing ; whereas in the other cafe the fhafts are weighed 
up, and the horfe lifted off his feet. 


Tue great eafe with which we fee fometimes a fingle horfe 
draw heavy water-carts and timber-carriages, whofe load 
lies below the axle, is an experimental proof of the utility 
of placing the load of carts, whenever it can be done, as 

low 
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low as poflible ; fetting afide the confideration of the greater 
lateral fhocks and friction which attend high-loaded car- 
riages of all kinds, and the fatal accidents fo frequent on 
the practice of fo loading them. 


ANOTHER abfurdity, in the ufe of two-wheeled carriages, 
has of late gained ground in and about London, which is that 
of increafing their wheels to anenormous height, and of courfe 
to an enormous weight; acircumftance by no means to the 
advantage of the horfes, when the weight of the wheels 
bears fo great a proportion as it ufually does, to the weight 
of the load. For though fomewhat be gained in point of 
friction, and in overcoming obftacles by the high wheels, 
this advantage is not equal to what is loft by the weight or 
vis inertie of the wheels; efpecially if we take into confi- 
deration that the horfes are much lefs relieved by the abfence 
of the load than in drawing the common cart. So that, 
granting they drew a full high-wheeled cart fomething eafier 
than a full common one, they draw the empty one with 
much greater difficulty than they do an empty common 
one; and this particularly up hill, on account of the ereater 
relative gravity of the carriage. 


It is impoffible to lay down a fyftem that fhall be parti- 
cular and minute enough to include all poflible cafes 


in practice ; but it is eafy, by attending to the outlines 
of 
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of theory, for every artificer to adapt the conftruétion of 
his carriage to the ufe for which it is intended. 


Tuus even the rolling carts on low wheels invented by 
Mr. Daniel Bourne, may in fome cafes be properly adapted ; 
for inftance, where the confolidating a foft or loofe road 
may be the principal obje& of their ufe. The carriage 
which might beft anfwer the ends of the commiffioners of 
the turnpikes, is one thing; but that which would beft 
ferve the purpofes of fafe and fpeedy conveyance along the 
roads, is another. To reconcile thefe different objects of 
purfuit, is certainly very defirable ; and it may poffibly in 
fome degree be effected ; but I am afraid too much is ex- 
pected from mechanical contrivances: it is in vain to force 
nature, or to counteract the known and eftablifhed laws 
of mechanics, 
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SECTION II. 


Of Waggons. 


W HAT has been {aid of carts may in fome meafure be 
applied to waggons ; with this difference, that having 
four wheels, they do not reft ona fingle axis, as two- 
wheeled carriages do, but area kind of fledge or platform 
refting on four points. Their load therefore is not liable to 
turn round a fingle centre, and add to their relative gra- 
vity, asis the cafe with carts. 


Nor but that the height of the load is in waggons of 
very confiderable moment in afcending fteep hills ; particu- 
larly if the diftance between the hind and fore wheels be 
fhort, and the greater part of the load is laid on the hinder 
part of the waggon. This method of loading is neverthe- 
Jefs generally advifed, becaufe the hinder wheels being 
made higheft, the load is by this means drawn along the 
eafieft on plain ground. But as relative gravity takes place 
in afcending hills, the moft arduous part of draught, it 

would 
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would perhaps be better, unlefs on very flat roads, to do as 
Mr. Bourne affirms is done by the common waggoners ; 
who beft know, fays he, when their carriage goes moft 
eafy, and therefore very rightly put the greater fhare of the 
weight forward. 


Tue reafon he gives for it, indeed, is in my opinion a 
bad one, as he imputes the greater facility of draught in 
this cafe to the obliquity of an imaginary draught-line be- 
tween the centre of the fore wheels and the hind ones. 
But it is paft a doubt that, on flat ground, the load would 
be drawn eafieft, if the greater fhare of it were laid on the 
higheft wheels, whether they were placed before or behind : 
fo that if the common waggoners do place their loading 
as Mr. Bourne fays, and find their account in it, with re- 
{pect to facility of draught, it muft be on the Sati of 
inclined planes. 


In waggons, as well as in carts, therefore, the load 
fhould ever be placed as low as poffible, confiftent with its 
fafety, the nature of the roads, and the convenience of the 
team and drivers. | 


AT the fame time, and for the fame reafon, all four- | 
wheeled carriages have an advantage in their length, 
efpecially if they are of any confiderable height. 
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So OTe BON) UT, 


Of Coaches, &e. 


THE infinite variety, which utility, tafte, and caprice 
hath introduced into the conftruction of coaches and other 
light pleafure-carriages, hath rendered this fubject fo com- 
plicated and multiform, that it would be an endlefs tafk to 
comment on them all, and perhaps it might be thought an 
invidious one in me to dwell particularly on many: I beg 
leave therefore to confine myfelf to the fimple mention of 
the few improvements which I have myfelf occafionally 
attempted, and on which I may with greater PSARHSty 
addreis the pablick. 


PART 
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PART FOURTH. 


OF SOME IMPROVEMENTS THAT ARE OR MIGHT BE 
MADE IN THE STRUCTURE OF WHEEL-CARRIAGES. 


HaviINneG gone through what I had to offer the public, 
in refpect to wheel-carriages, on their prefent conftruc- 
tion, in general, I fhall take the liberty to folicit the reader’s 
attention to fome few attempts which I have occafionally 
made, and on fome others which I conceive might ftill be 
fuccefsfully profecuted for their improvement. 


SECTION 


sf Gat" 7 


aii incl th digi 


Of a new method for the ‘dps darting of wheel-carriages. 


IN the turning of carriages of the common conftruction, 
the fore-wheels are fo fubjeé to ftrike againft the perch, or 
the fide of the carriage, that thefe wheels are ufually made 
{maller than the hind ones ; and yet carriages are frequently 
required to turn fo fhort, that, even with this diminution, 
their turning is attended with great inconvenience. 


To remedy this, various expedients have been adopted ; 
particularly in coaches, chariots, and other licht vehicles, 
to which the crane-necked perch could be conveniently 
applied. But as this could not be adapted to the heavier 
kinds of carriages, and was befides attended with a confi- 
derable expence, a thought fuggefted itfelf, by which the 
end might be attained by more fimple and lefs expenfive 


means. 
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AccorpDINnG to the common conftruction 1 the fore end of © 
the perch refts en the axle of the fore wheels, which turns 
on the iron pir pafling through the perch, as defcribed in 


plate 12. fig. e 


A, B, reprefents the arch, paffing under the body. of 
the coach, and fattened to the hinder axle at C. _D, E, re- 
prefents the fore axle, and W, W, the tettion of: the 
wheels. It is plain, that in turning a carriage fo conftructed, 
the larger the wheel, the fooner it will ftrike againtt the 
perch. In the prefent cafe, the wheel {trikes againft the 
perch when the axle makes the angle defcribed by the 
dotted lines D, D. But if, inftead of fixing the pin paffing 
through the perch at F, in the centre of the axle, we bring 


a projection backwards from it, as in fig. 2. and let the ‘ 


- ae 


axle with the wheels turn round the pin pafling through that 


projection at P, we fee the angle, which the wheel makes 


with the perch, becomes confiderably lefs, before the wheel 
ftrikes againit it. So that a larger wheel in a carriage thus 
conftructed will not touch the perch fo foon as a fmaller 
wheel in a carriage of the ordinary confiruction ; and be 


the wheels of what fize they may, the carriage withturn i 


fhorter than if conftruéted according to the former me- 


thod, with the. centre-pin} in the centre of the axle,_| = ; — 
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Tue reader will readily conceive that this method, being 
extremely fimple, is attended with no additional expence, 
is applicable to all kinds of carriages, and is indeed ftronger 
than the ufual mode of conftruction, 
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SECTION I, 


Of the author's new method of confiructing wheels, with a 
Jingle rim or two fellows only. 


IN the ufual method of conftrudcting wheels, their peri- 
pheries are compofed of a number of pieces, or fellows, 
joined together ; which renders them extremely weak, and 
{ubject to many inconveniencies. In the firft place, the 
joints being the weakeft parts of the wheel, they are moft 
liable to yield inward; for which reafon the wheel-wrights | 
leave them higher than the other parts of the rim; in con- 
_fequence of which the wheel is not at firft exactly round, 
nor its motion of courfe uniform. 


ANOTHER very material objection to this method of con- 
ftructing wheels, is, that the fellows, being fegments of 
a circle, fawed or hewn out of ftraight wood, they are | 
thence rendered fo brittle, from the crofs dire@ion of the 
grain near the joints, that they are with difficulty kept 

M together 
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together, even though near twice the quantity of timber be 
employed as would otherwife be neceflary. 


Let A, B, (plate ¥3. fig. 1.). reprefent the periphery of 
a wheel, conftructed after the ufual manner, with five fel- 
lows fawed or hewn out of ftraight timber ; the weaknefs of 
‘the rim at each joint, from the crofs dire€tion of the grain 
of the wood, is palpable. The ftrength of a wheel fo con- 
ftruGied muft evidently depend on the thicknefs of the iron 
teir, or rim, that furrounds it: the carriage being thus 
loaded with a ufelefs weight both of wood and iron; the latter 
the more burthenfome and expenfive, as the tire is feldom 
above two thirds worn out before it becomes ufelefs and. 
incapable of keeping the wheel together. | 


In the improved mode of conftruction the cafe is differ- 
ent. By bending the timber perfectly circular, and ufing 
a fingle periphery, or two fellows only, the grain of the 
‘wood Is preferved in every part of the rim; as we fee by 
figure 2. of the fame plate. 


Iw this mode of conftruétion the periphery of the wheel 
is equally ftrong throughout ; and though little more than 
half the ufual quantity of timber is made ufe of, is of it~ 
felf ftrong enough to fuftain the common burthen laid on 
fuch wheels, without the afliftance of iron tiers; which are 

only 
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only applied to them as a fafe-guard, to preferve the wood 
from the injuries it would otherwife be neceflarily expofed 
to from the roads. Hence a lefs quantity of iron is fuffi- 
cient, and even that will be fairly worn out before it be- 
comes ulelefs. 


Tue durability of wheels of this conftruétion is no doubt 
a confiderable object in point of economy to the purchafers ; 
but their lightnefs in comparifon of others, if attention be 
paid to what has been before laid down in thefe obferva- 
tions, will appear equally an object of importance in the 
facility and velocity of draught. 


Ir regard alfo be had to the great quantity of timber 
annually confumed for this purpote, a method of prevent- 
ing its ufelefs confumption may appear likewife no incon- 
fiderable object, even as a matter of national concern ; efpe- 
cially at a time when it is found neceflary to import large 
quantities of fuch timber from abroad, and there i is an uni- 
verfal complaint of its {carcity at home. 
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SECTION If. 


Of the method of hanging coaches, and other flung vehicks.. 


AMONG many improvements which feem requifite to 
be made in wheel-carriages, is the removal’ of that almoft 
perpetual agitation or {winging which attends on coaches, 
and fuch other light vehicles as are flung-on braces. 


A MULTIPLICITY of expedients have been contrived, to 
prevent the jolting of the carriage being: communicated to 
the body. For this enda variety of {prings have been in- 
vented, and as varioufly applied’: but though moft of them 
have been in fome degree ufeful againft the fudden and im- 
mediate effects of the motion of the wheel-carriage, they 
have only diverfified or varied the mode of the agitation 
of the body. 


Ir is indeed to be doubted whether the motion of bodies 
fling on wheel-carriages be not on the whole as difagree- 


able 


L yy 
able and dangerous as that of thofe which are fixed’ to the 
axle ; efpecially in pafling over even pavements and fmooth 
roads. This is. particularly experienced on any fudden 
ftoppage of the former, and in their paffing the fharp af- 
cents and defcents of the pavements and roads, 


{fr the end of riding’ in a’ coach were merely to'enjoY the 
exercife of being fwung backwards and forwards; or danced 
up ‘and down ona {pring, and to be entertained the mean 
while with the-noife infeparable from-the- beft of our. pre- 
fent contrivances, the ufual methods of conneéting the body 
with the axle-tree would anfwer-the end : but as a till and 
unagitated-mode of conveyance feems to be the great. object 
at prefent in. view, nothing can be more inconfiftent with 
that end than the common’ method: of fixing the braces to 
the yoaps of. the ape 


Ir isin n confequence of this thode of affixing the body to 
the carriage, that the centre of gravity of the fufpended 
body is fo high above the centre of its motion,- that it is 
liable to be continually agitated by the jolting of the car- 
riage, and its: danger of overturning ‘increafed: whereas, - 
if inftead of practifing this method; the: body were fufpended 
as near as poflible to its centre of gravity, the agitation of 
the carriage, as well: as- its danger of overturning, would 
be in a great meafure avoided, 

AT 


[ 86 ] 


_ Ar the fame, tame, the, various complicated contrivances 
for counteracting the.propenfity of, carriages to:turnover in 
obligue Jlateral, fituations, and in pafling over; prominent 
obftacles, would be rendered ufelefs. 

Ir is hence that fedan chairs are carried with any kind 
of fafety: for, if the poles. which fuftain the body were 
fixed to the bottom, the centre of gravity would, then lie 
fo high. above the centre. of fufpenfion, that the chair 
would be in continual danger of overturning ; and, onthe 
contrary, if the poles were fixed at the top, the centre 
of gravity would. lie fo low, that it would be impoflible 


we wy 


to overturn it, while the chairmen ftood Nprght 


Ir indeed ‘on sees were np 0 acai far bees the 
centre of gravity, the chair would be fubje& to {wing 
fideways ; but if they were exactly parallel to the line 
in which the centre of gravity lay, the chair would not be 
liable to overturn, nor have any other agitation than 
that arifing from the elafticity of the poles. 


Ir is on this principle that I conceive an improvement 
might be made in the common method of hanging all fuch 
vehicles as are now flung in leather braces; efpecially as 
our pavements and roads by no means require the body to 
he hung fo high as is ufual. 
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PHAETONS and elevated pleafure-carriages may feem 
indeed to require fuch a mode of conftruction ; but if it 
be confidered that the bodies of thefe are ufually made 
light, it might even im fuch cafes be eafier and fafer for the 
rider to have the fupporters. raifed higher on the carriage, 
fo as to {ufpend the body as, near .as,could be made in any~ 
wile convenient to the centre of its gravity. 
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SECTION Iv. 


Of the breadth of wheels. 


THE utility of broad-wheels, in amending and pre- 
ferving the roads, has been fo long and univerfally acknow- 
ledged, as to have occafioned feveral aéts of the legiflature 
to inforce their ufe. At the fame time, the :proprietors and 
drivers of carriages appear to be convinced by experience, 
- that a narrow-wheeled carriage is more eafily and {peedily 
drawn by the fame number of horfes than a broad-wheeled 
one of the fame burthen. 


Ir is no wonder therefore that private intereft, operating 
againft public good, fhould have fuggefted expedients to 
elude the reftrictions individuals were laid under; or that 
the letter of :the law fhould be more attended to than the 
{pirit of it. | 


HEnce it is that we have lately feen the broad wheels 
of waggons, which, by act of parliament, fhould prefs a 


{urface 
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furface of nine inches, in reality bear only on one of about 
three ; fome of them by means of bevelling the edges, and 
raifing the middle, of the periphery, and others by bevel- 
ling the whole periphery, and having the inner edge confi- 
rably higher than the outer. 


THE confequence of this evafion of the laws has been 
that of grinding the materials, made ufe of for mending 
the roads, into powder, much fooner and more effectually 
than when narrow wheels were in ufe, with carriages of 
Jefs burthen. In the meanwhile, the proprictors of wag- 
gons do not find the advantages, from thefe modes of con- 
ftructing their wheels, unlefs on clean pavements or very 
hard roads, which they feemed to expect. 


* Inpeep the reafon of this greater difficulty and delay in. 
the draught of broad-wheeled carriages, does not feem to be 
well underftood. It is imputed, as ufual in.almoft all cafes 
of this nature, to an increafe of friction ; but this is in a 
great meafure chimerical ; if by the quantity of friction we 
are to underftand the rubbing occafioned by the perpendi- 
cular prefiure of the weight. : 


- Ir may be clearly proved by experiment, and is now uni- 
verfally admitted among fkilful practitioners, that the fric- 
tion follows the ratio of the weight, and not of the furface ; 

N {o 
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fo that though a broad wheel bears on more points than a 
narrow one, the weight on each point is proportionably lefs, 
and confequently the quantity of friction the fame: that is, 
conceiving the points of fupport to be immoveable, and to 
conftitute the roughnefs or irregularity infeparable from the 
plane. In paffing along the roads abounding in loofe ftones 
and other obftacles, which a narrow wheel. may avoid paf- 
fing over, and a broad one muft furmount, the cafe is very 
different. Here the broad-wheeled carriage will certainly 
be drawn lefs eafily, and lefs fpeedily, than a narrow- 
wheeled one, though not on account of any additional fric- 
tion arifing from the preffure of the weight on a greater 
quantity of furface, 


THE cafe is, there are innumerable {mall obftacles, which 
a broad wheel muft either furmount or deprefs, while a 
narrow one may evade them by going between and turning 
them afide: but as this is the very circumftance, viz. the 
prevention of ruts, on which the utility of broad wheels is 
chiefly founded, the inconveniencies arifing from this cir- 
cumftance mutt in fome meafure be put up with. 


Nor will this be acceded to with relu@ance, if the pro- 
prictors of heavy carriages would judge of the difficulty 
and delay of draught rather by the fatigue of their cattle 
than the wear of their carriages. 


It 


bmi 
Ir is true, that the refiftance arifing from lateral friGion, 
Owing to any twift or partial compreffure of the axle and 
the wheels, will fometimes occafion an obftacle to the pro- 
grefs of the carriage ; but even this will not laft long in 
heavy carriages, be their materials as hard as they may, if 
fuch obftacle bear any confiderable proportion to the 
force neceflary to their draught. In fuch a cafe the mate- 
rials will either take fire, tear each other to pieces, or work 
themfelves together fo clofely that the wheels will no longer 
turn round at all. If the wheels continue to turn, with 
_ whatever apparent difficulty, fo long as the rubbing furfaces 
continue {mooth and feparate, the refiftance arifing from 
fuch friction will, I fay, be inconfiderable, compared to 
the power neceffary to the draught: 


Yurs will appear plain, on reflecting that the boxes of 
wheels of any certain diameter will be juft twice as much 
worn in going any certain diftance, as the boxes of wheels 
of twice that diameter, fuppofing the load of both of equal 
weight. But are we hence to conclude, that the load laid 
on the wheels of the lefs diameter would require twice the 
power to draw it the fame diftance in the fame time? By 
no means. It is totally contradi@tory to experience. 


Ir muft be admitted, that the fii@ion of carriages is 
greatly diverfified by the inequality of the furfaces of the 
N 2 roads ; 
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roads ; and this diverfity is greater in broad than in narrow- 
wheeled carriages ; which occafions a greater wear and tear 
of the box and axle in the broad than in the narrow, al- 
though both, if conftantly moving in a vertical pofition, 
would be exactly the fame, 

By wear and tear I would be here underftood to mean 
the deftru€tion of the form of the box and axle by a 
partial and unequal prefling of the parts originally fitted, 
or anfwering to each other. In procefs of time indeed, let 
the bearing be ever fo equable, both box and axle will wear 

out; but though this may be called the wear, it cannot be 
called the tear, of the parts. So that what appears to be 
frequently an increafe of friction, is nothing but a partiality 
of bearing in the perpendicular preflure of the weight : 
which, inftead of refting on the whole furface allotted to 


it, refts only oma part. 


Now there needs little illuftration to fhew that the verti- 
cal pofition of a narrow wheel is lefs liable to be difturbed 
than that of a broad one, SBroad-wheeled carriages there- 
fore, conformable to the act, are not only fubject to more 
wear and tear than narrow-wheeled ones, on the account of 
_ friction, but are drawn more flowly and difficultly, on ac- 
count of the more numerous obftacles they encounter from 


their greater breadth of furface. 
To 
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To prove that broad wheels are more liable to an inequa- 
lity of preflure between the axle and box than narrow ones, 
let A, B, plate 14. fig. 1.. reprefent the fetion of a road,~ 
C, D, the axleofia carriage, whofe wheels are nine inches. 
Now, iuppofing the wheels to ftand at right. angles with 
the axle, and the fole or rim of the wheel to be perfectly | 
flat, the weight of the load will reft on the inner edges 
only of the wheels, E,. F. In confequence: of this, the 
ends of the axle, inftead of having an equal bearing 
through the whole length of the box, will be violently 
pinched at the bottom G, G, and at the top H, H. 


Ir we fuppofe the breadth of the wheel farther increafed, 
to two feet for inftance, as exemplified in fig. 2. this par- 
tiality of bearing between the box and the axle will be more 
conf{picuous. als 


Ir may be pretended indeed that the fole or rim of the 
wheel may be fo bevelled, in a due proportion to the dithing 
of the wheel, and the convexity of the road, as to give a 
flat bearing to the whole furface of the rim; butas the con- 
vexity of different roads is not the fame, and that of the 
fame road in different places very dpterent, the evil is not 
thus to be removed, | 


Wx 
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We will, for inftance, fuppofe the fole of the broad 
wheels, fig. 2. bevelled to the fection of the road, as in 
fig. 3. it is plain, that if they pafs over the flat furface de- 
noted by the ftraight line A, B, (and fuch flat furfaces will 
frequently happen in the beft roads) the wheels, inftead of 
bearing on their inner edge, as in fig. 2. will reft on thefe 
outer edges, N, N. Hence the friction will in this cafe be 
as partial between the axle and box as before, though at: 
contrary ends, as atO, O, and P, P. Such is the incon- 
venience attending broad wheels. 


As the prefervation of the roads, however, feems to urge 
the neceflity of having the wheels of heavy carriages as 
broad as can poffibly be made convenient, and the breadth 
afligned them by the law appears, for the reafons above 
given, to be too great, it were advifable perhaps to diminith 
the breadth of the wheels in common ftage-waggons to fix 
inches, and by making the fore-and hind axle of different 
lengths, to caufe both wheels to roll the full furface of 
nine inches ; which they might well do, without admitting 
of any ridge or vacuity between them; as exemplified in 
fig. 4. where A, A, denote the fections of the hind. 
wheels, aad B, B, thofe of the fore-wheels ; which, being 
of equal breadth, will both together roll a furface of nine — 
inches, At the fame time, the foreeaxle being proportion- 

ably 


[ 95 J 


ably longer than the hind one, no ridge can be thrown up 
between the tracks of the wheels ; which being only fix 
inches broad, will, by leaving a little room in the box, 
{tand nearly flat in all fituations arifing from the convexity 
or concavity of the roads, | 


SECTION 


f 96 | 


SECTION V. 


Of the difbing of wheels, and the bending the ends of axle- 


frees. 


By the difhing of wheels is meant, the concavity of the 
outer furface : the moft common and obvious reafon for 
which is, that when a carriage leans fideways, the load lies 
heavier on the wheel or wheels on one fide than the other ; 
fo that, were the furface of a wheel perfeftly flat, the 
{poke immediately fuftaining the weight would in fuch cafe 
be out of the perpendicular: whereas by the wheel’s being 
difhed, it would be nearer a vertical fituation, and of courfe 
the better able to fupport the weight. 


THE reafon is a good one for making the furface of 
wheels fomewhat concave ; but our common wheel-wrights 
have another practice, which, as they cannot well account 
for it, I fufpect is not quite fo reafonable: this is, the 
bending the arms of the axle-trees downwards, fo as to 


make 
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make the wheels ftand confiderably wider from each other 
at top than at bottom, The univerfality of this practice 
would indeed make one apt to fufpect that there muft have 
been fome better reafon for it originally than feems at pre- 
fent readily to be given by the artificers; who, neverthelefs, 
are as tenacious of the practice as if they could afiign thie 
moft cogent and mechanical motive for it. 


THERE can no doubt be made, however, that this ptac- 
tice occafions a great deal of partial rubbing, and therefore 
not only wears the parts in conta, but in fome degree re- 
tards the progrefs of the carriage; and that becaufe, while 
the axis is carried in a ftraight line forward, the wheel 
is propenfe to turn away from the carriage, on account of 
of the inclination of the ends of the axle downwards. 


Tue ends of axle-trees are likewife fometimes bent in- 
wards.as well as downwards ; fo that the wheels are nearer 
together at the fore edge next the horfes than ;behind. 
Hence from the tendency of :the wheels to motion in twe 
different lines of direction, in confequence of their pofition 
on the axis, it is evident a very great increafe of partial 
rubbing muft neceffarily enfue. 


Tue reafon for thus turning the ends of the axle-tree 
inwards I could never learn, except indeed it be that given 
O by 
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by fome of the London wheel-wrights; who tell us it was 
neceflary in town-carriages, on account of the deep ken- 
nels in the middle of the ftreets: out of which the horfes 
could more readily draw the wheels when they ftood in the 
pofition above-mentioned. But granting this the true rea« 
fon, the practice fhould have been confined to town-car- 
riages only, and fhould be abolifhed, now our ftreets are 
differently paved. When the caufe ceafes, the effect thould 
ceafe of courfe. 


Were wheel-carriages to pals over perfectly flat fur- 
faces, there would be no manner of occafion for their 
wheels to be difhed: and if the wheels were not difhed, 
the ends of the axles fhould be perfectly ftraight, that 
they might not countera& the reétilinear motion of the 
carriage ; but as they are generally dith’d, for the reafons 
above given, a very {mall inclination of the axle-tree down- 
wards 1s neceflary to give the wheel a free reCtilinear mo- 
tion. This inclination however {hould be proportional to 
the concavity of the wheel: ‘the only rule that can be given 
in this cafe being to balance the wheel vertically as it refts 
on the ground ;-and then to bend the end of the axle-tree 
downwards, juft fo much as is neceflary to keep the wheel 
in the line of direCtion, in which it would fupport itfelf 
upright, and move forward in a right line without con- 
- ftraint, ) ; 


Bur 
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But I avoid dwelling on thefe practical minutia, as they 
chiefly ferve to increafe the wear and tear of Carriages ; a 
circumftance which, being fo obvious to fight, one would 
imagine might eafily point out their remedy. Certain it i8, 
they are by no means fo confequential as the objets which 
I have had principally in view in thefe obfervations, and 
which I have endeavoured to elucidate, I hope, in fome 
degree, to the fatisfaction of my readers. 


THE END. 
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15 24 For fame plane read fame plate. — 7 ae 
9-30 & om Plate 5. —— fig.i. platege 
3 1 = AB — A.B. fig. z. eine? * 
© 8 — velocity much —— velocity fo much, *; 

F 16 — four times —— about three. 
63 13 — perpendicular ——— horizontal. 


: Direction for placing the Cuts. 
‘Plate 1. Oppofite Page 3. 
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